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(54) CYLINDER SERVOMOTOR 

(57) A cylinder servo motor includes a servo motor 
having a rotor and a stator; a cylinder servo main unit 
which is connected to a rotary shaft of the rotor of the 
servo motor by way of a ball screw nut and which has a 
ball screw shaft, the ball screw shaft moving in an axial 
direction; a rotation sensor for detecting a rotary position 
of the servo motor; and control means for controlling the 



rotation sensor and the servo motor. The cylinder servo 
motor main unit, the rotation sensor, and the control 
means are integrated together, thereby providing a cyl- 
inder servo motor which obviates a necessity of wiring 
a line between the servo motor, the rotation sensor, and 
the control device section at a location to which the cyl- 
inder servo motor is to be shipped. 
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Description 

Field of the Invention 

[0001 ] The present i nvention relates to a cy I inder ser- 
vo motor having integrated therein a controller, a detec- 
tor, a servo motor, a ball screw nut, and a ball screw 
shaft. 

Background 

[0002] Fig. 14 shows a related-art cylinder servo mo- 
tor. As shown in the drawing, reference numeral 63 des- 
ignates a motor serving as a drive source; 64 designates 
a rotational speed detector for detecting the rotational 
speed of the motor 63; 68 designates a ball screw shaft; 

67 designates a ball screw nut engaged with the bait 
screw shaft 68; and 65 designates a hollow cylinder rod. 
A load is connected to a load-side end 65a, and an op- 
posite end 65b of the cylinder rod 65 is fastened to the 
ball screw nut 67. A rotary shaft bearing 82 is fitted 
around an end 68a of the ball screw shaft 68. A motor 
shaft 63a and the end 68a of the ball screw shaft 68 are 
coupled together by means of a flexible coupling 70. 
Reference numeral 77 designates an inner ring fasten- 
ing nut. The inner ring fastening nut 77, along with an 
outer ring fastening nut 76 screw-engaged with an inner 
peripheral wall of a cylinder case 66. fixes the rotary 
shaft bearing 82. The cylinder rod 65 is supported by a 
sleeve shaft bearing 63 which is fastened to a load-side 
end 66a of the cylinder case 66 and has an oil seal 84. 
A slide block 69 is fastened to the cylinder rod 65 and 
is clearance-fitted to a keyway 66b formed in the cylin- 
der case 66. Reference numeral 71 designates a case, 
which secures the cylinder case 66 and a motor case 
72 that houses and supports the motor 63. Reference 
numeral 78 designates a hole formed in the case 71 ; 
and 79 designates a blank cap. Reference numeral 73 
designates a cover of the rotational speed detector 64; 
and 74 designates a cable of the rotational speed de- 
tector 64. Reference numeral 80 designates a power 
line of the motor 63; 75 designates an amplifier serving 
as a controller; and 81 designates a higher-level con- 
troller. 

[0003] In the related-art cylinder servo motor having 
the foregoing construction, power is fed to the motor 63 
by way of the amplifier 75 in accordance with an instruc- 
tion output from the higher-level controller 81 , thereby 
rotating the motor shaft 63 and the bail screw shaft 68. 
Rotation of the cylinder rod 65 fastened to the ball screw 
nut 67 is stopped. Hence, the cylinder rod 65 does not 
rotate in conjunction with rotation of the ball screw shaft 

68 and rotates directly along with the ball screw nut 67, 
thus acting as a cylinder servo motor. 

[0004] The related-art cylinder servo requires the ca- 
ble 74 for connecting the rotational speed detector 64 
and the amplifier 75, and the power line 80 for connect- 
ing the motor 63 with the amplifier 75. The cable 74 and 



2 

the power line 80 are wired by a machinery manufactur- 
er or an end user. Hence, there sometimes arise prob- 
lems, such as an operation failure or a failure of the ro- 
tational speed detector 64 due to incorrect wiring. 

5 [0005] The motor shaft 63a of the motor 63 and the 
end 68a of the ball screw shaft 68 are coupled together 
by means of the flexible coupling 70. The coupling 70 
requires the case 71, and there must be ensured a 
space in the axis of ball screw shaft 68, thereby increas- 

10 ing the overall length of the cylinder servo motor. 

[0006] Since the ball screw shaft 68 is inserted into 
the cylinder rod 65, only a ball screw shaft which is 
smaller in diameter than the cylinder rod 65 can be used 
as the ball screw shaft 68. Hence, If an attempt is made 

15 to increase allowable thrust, the cylinder servo motor 
becomes bulky. 

[0007] Since the cylinder rod 65 is supported by the 
sleeve shaft bearing 83, wear arises in the slide section 
as a result of sliding friction. Particularly, at the time of 
20 high-speed operation, the life span of the cylinder serve 
becomes shorter. 

[0008] Further, the rotation of the cylinder rod 65 is 
stopped by means of the slide block 69 clearance-fitted 
to the keyway 66b. Hence, a contact surface of the cyl- 

25 inder rod 65 is abraded by means of sliding friction, 
thereby resulting In an increase In backlash. 
[0009] Contact between the slide block 69 and the 
keyway 66b arises in the form of sliding friction. Hence, 
at the time of operation, excessive thrust corresponding 

30 to a friction loss in the contact surface is required : thus 
deteriorating efficiency. 

[0010] Further, at the time of assembly of a cylinder 
servo motor, the motor shaft 63a and the end 68a of the 
ball screw shaft 68 are coupled together by the flexible 

35 coupling 70. A set screw (not shown) is fastened to the 
flexible coupling 70, by use of a hexagonal wrench and 
by way of a hole 78. To this end, thecylinder rod 65 must 
be moved along the axis of the ball screw shaft 68, there- 
by finding a hole for the set screw. This results in an 

40 increase In the number of assembly steps, thereby add- 
ing to costs. 

[0011] The present invention has been conceived to 
solve the drawback of the invention and is aimed at pro- 
viding a cylinder servo motor capable of eliminating a 
45 necessity of wiring operation. 

[001 2] The present invention provides a compact cyl- 
inder servo motor which can produce large thrust and a 
long linear stroke. 

[0013] The present invention is also aimed at provid- 
50 jng an efficient cylinder servo motor having a long life 
span. 

[0014] The present invention is also aimed at provid- 
ing a cylinder servo motor which is superior in ease of 
assembly. 

55 

Disclosure of the Invention 

[0015] A cylinder servo motor according to the 
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present invention comprises: 

a servo motor having a rotor and a stator; 
a cylinder servo motor main unit which is connected 
to a rotary shaft of the rotor of the servo motor by 
way of a ball screw nut and which has a ball screw 
shaft, the ball screw shaft moving in an axial direc- 
tion; 

a rotation sensor for detecting a rotary position of 
the servo motor; and 

control means for controlling the rotation sensor 
and the servo motor, wherein 
the cylinder servo motor main unit, the rotation sen- 
sor, and the control means are mechanically Inte- 
grated; 

the rotor of the servo motor is constituted of the ro- 
tary shaft and a permanent magnet, the rotary shaft 
being rotatably supported by a load-side bearing 
supported by a load-side bracket and by a non-load- 
side bearing supported by a non-load-side bracket, 
at least the load-side end of the rotary shaft being 
released, a through hole being formed in the rotary 
shaft so as to extend in an axial direction, and the 
permanent magnet being disposed opposite the 
stator fixed to the rotary shaft with a predetermined 
clearance therebetween; 

the ball screw nut is constituted of a bail circulation 
mechanism and is mounted on a load-side shaft 
end of the rotary shaft; 

the ball screw shaft is screw-engaged with the ball 
screw nut so as to become movable in only the axial 
direction such that a non-load-side shaft end of the 
ball screw shaft is housed in the through hole of the 
rotary shaft and such that a load-side end of the ball 
screw shaft protrudes from the load-side bracket; 
a rotation portion of the rotation sensor is coupled 
to a non-load-side portion of the rotary shaft pro- 
truding from the hole formed in the non-load-side 
bracket and is covered with a rotation sensor cover; 
the control means is disposed on apart of the non- 
load-side bracket distant from the stator; and 
the control means and the rotation sensor cover are 
covered with a chassis to be fastened to the non- 
ioad-side bracket. 

[0016] A necessity of wiring a line between the servo 
motor, the rotation sensor, and the control device sec- 
tion at a location to which the cylinder servo motor is to 
be shipped is obviated, thereby improving workability. 
As a result, a wiring failure, which otherwise is apt to 
arise at a location to which a cylinder servo motor is 
shipped, is prevented. Further, the wiring operation is 
obviated, thereby improving workability. 
[0017] Since there is obviated use of any coupling for 
coupling a rotary shaft with a ball screw shaft, which 
would have hitherto been employed, the cylinder servo 
motor becomes compact despite having a long stroke. 
Hence, the cylinder servo motor is made compact over- 



all, and the number of components is reduced. 
[0018] The rotation portion of the rotation sensor is 
doubly covered with the rotation sensor cover and the 
. chassis. Accordingly, reliability of the cylinder servo mo- 

5 tor against an external environment is improved. 

[0019] According to the present invention, the non- 
load-side end of the rotary shaft and the through hole 
are elongated to a position where the control means of 
. the servo motor is disposed. Further, in association with 

10 elongation of the non-load-side end and elongation of 
the through hole, the non-load-side shaft end of the ball 
screw shaft is elongated. 

[0020] Hence, there can be obtained a cylinder servo 
motor which, for a given dimension, has a stroke of corn- 
's paratively long linear movement. 

[0021] Further, in the cylinder servo motor according 
to the present invention, a non-load-side of the through 
hole of the rotary shaft is opened, and a cover for cov- 
ering the open side is removably provided. Further a 
20 through hole is formed in a portion of the chassis oppos- 
ing the cover with reference to an axial direction of the 
rotary shaft. Moreover, the through hole formed in the 
chassis is removably provided with a cover. 
[0022] Accordingly, there can be effected manual po- 
25 sitioning of the ball screw shaft while the cylinder servo 
motor is mounted on a machine, thereby Improving 
workability and operability. At this time, since the cylin- 
der servo motor is provided with a cover for covering the 
open section of the rotary shaft and a cover for covering 
30 a through hole formed in the chassis, good reliability of 
the rotation section of the rotation sensor against an ex- 
ternal environment is achieved. 
[0023] In the cylinder servo motor according to the 
present invention, the ioad-side shaft bearing is const i- 
35 tuted of a ball bearing. An outer ring of the ball bearing 
is fixedly sandwiched between a shoulder section 
formed on an internal peripheral wall of the load-side 
bracket and an outer ring fastening nut to be screw-en- 
gaged with an internal peripheral wall of the load-side 
*o bracket. An inner ring of the ball bearing is fixedly sand- 
wiched between a bail screw nut fastening shoulder sec- 
tion formed on the load-side shaft end of the rotary shaft 
of the servo motor and an inner ring fastening nut to be 
screw-engaged with the rotary shaft of the servo motor. 
An inner diameter of the inner ring of the ball bearing is 
made greater than an outer diameter of the rotor of the 
servo motor. 

[0024] As a result, assembly of a cylinder servo motor 
from one direction becomes possible, thereby Improving 

50 workability. 

[0025] In the cylinder servo motor according to the 
present invention, the ball screw nut fastening shoulder 
is formed on the load-side shaft end of the rotary shaft, 
and a fastening flange section is formed on the ball 

55 screw nut. A portion of the ball screw nut is fitted into 
the through hole formed in the load-side shaft end of the 
rotary shaft. The fastening flange section is brought into 
contact with and screw-engaged with the ball screw nut 
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fastening shoulder section. Thereby, the ball screw nut 
is fastened to the load-side shaft end of the rotary shaft, 
and an oil seal is held on the load-side bracket. A lip 
section of the oil seal is brought into contact with an out- 
er peripheral surface of the ball screw nut fastening 
flange. 

[0026] As a result, the oil seal section can be short- 
ened in an axial direction thereof, thereby rendering the 
cylinder servo motor more compact. 
[0027] In the cylinder servo motor according to the 
present invention, a ball screw nut fastening shoulder is 
formed on a load-side shaft end of the rotary shaft, and 
a fastening flange section is formed at a position closer 
to the center of the ball screw nut. A portion of the ball 
screw nut is fitted into a through hole section formed in 
the load-side shaft end of the rotary shaft, and the fas- 
tening flange section is brought into contact with and 
screw-engaged with the ball screw nut fastening shoul- 
der section. As a result, the ball screw nut is fastened 
to the load-side shaft end of the rotary shaft, and an oil 
seal is held on the load-side bracket. A lip section of the 
oil seal is brought into contact with an outer peripheral 
surface at the shaft end of the ball screw nut. 
[0028] A sliding diameter of the lip section of the oil 
seal becomes smaller, and a circumferential speed of a 
contact section becomes smaller. Hence, abrasion re- 
sistance of the oil seal is improved, and the life span of 
the cylinder servo motor is extended. 
[0029] In the cylinder servo motor according to the 
present invention, a detent groove is formed in an outer 
peripheral section of the ball screw shaft, wherein the 
detent groove has substantially the same depth as that 
of a thread groove or a depth shallower than that of the 
thread groove and extends in an axial direction. Further, 
the ball screw shaft has at least two balls to be inserted 
into the detent groove, and a spring for pressing the bails 
toward the detent groove at all times. The balls are dis- 
posed such that at least one of the balls is situated in 
the detent groove at all times. 
[0030] Hence, the whirl stop makes rolling contact. 
Accordingly, abrasion of the contact surface is reduced, 
prolonging of the life span of a whirl stop, and friction 
loss of the whirl stop is diminished (by extension, input 
power is diminished, thereby realizing energy savings). 
[0031] In the cylinder servo motor according to the 
present invention, a detent groove is formed in an outer 
peripheral section of the ball screw shaft, wherein the 
detent groove has substantially the same depth as that 
of a thread groove or a depth shallower than that of the 
thread groove and extends in an axial direction. Further, 
the ball screw shaft has at least one cylindrical ball which 
is to be inserted into the detent groove and is larger than 
a screw pitch of the ball screw shaft, and a spring for 
pressing the cylindrical ball toward the detent groove at 
all times. 

[0032] Hence, one detent unit provided in the direc- 
tion of the rotary shaft acts as a whirl stop. Accordingly, 
there can be obtained a cylinder servo motor having a 
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shorter overall length. 

Brief Description of the Drawings 

[0033] 



Fig. 1 is a fragmentary longitudinal cross-sectional 
view showing a cylinder servo motor according to a 
first embodiment of the present invention; 
Fig. 2 is an enlarged cross-sectional view of a load- 
side shaft end section (a detent mechanism) of the 
cylinder servo motor according to the first embodi- 
ment; 

Fig. 3 is an operation descriptive view of the detent 
mechanism of the cylinder servo motor according 
to the first embodiment; 

Fig. 4 is a view when viewed from direction A shown 
in Fig. 3; 

Fig. 5 is a diagram showing a method of assembling 
the cylinder servo motor according to the first em- 
bodiment; 

Fig. 6 is a fragmentary longitudinal cross-sectional 
view showing a cylinder servo motor according to a 
second embodiment of the present invention; 
Fig. 7 is a diagram showing the geometry of a print- 
ed board used in a rotation sensor of the cylinder 
servo motor according to the second embodiment; 
Fig! 8 is a fragmentary longitudinal cross-sectional 
view showing a cylinder servo motor according to a 
third embodiment of the present invention; 
Fig. 9 is a fragmentary longitudinal cross-sectional 
view showing a cylinder servo motor according to a 
fourth embodiment of the present invention; 
Fig. 1 0 is a fragmentary longitudinal cross-sectional 
view showing a cylinder servo motor according to a 
fifth embodiment of the present invention; 
Fig. 1 1 is an operation descriptive view of the detent 
mechanism of the cylinder servo motor according 
to the fifth embodiment; 

Fig. 12 is a view when viewed from direction B 
shown in Fig. 11; 

Fig. 1 3 is a perspective view showing that the detent 
mechanism of the cylinder servo motor according 
to the fifth embodiment is in a contact state; and 
Fig. 14 is a longitudinal cross-sectional view show- 
ing a related-art cylinder servo motor. 

Best Modes for Implementing the Invention 



so (First Embodiment) 

[0034] A first embodiment of the present invention will 
be described by reference to Figs. 1 through 5. Fig. 1 is 
a fragmentary longitudinal cross-sectional view of a cyl- 
55 inder servomotor. Fig. 2 is an enlarged cross-sectional 
view showing a load-side end of a shaft (a detent mech- 
anism); Fig. 3 is an operation explanatory view showing 
the detent mechanism; Fig. 4 is a view of the detent 
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mechanism when viewed from direction A shown in Fig. 
3; and Fig. 5 is a view showing a method of assembling 
a cylinder servo motor. 

[0035] As shown in Fig. 1 . reference numeral 1 des- 
ignates a servo motor having a rotor 2 and a stator 3. 
The rotor 2 of the servo motor 1 is constituted of a rotary 
shaft 20 and a permanent magnet 21 fixed on the outer 
peripheral section of the rotary shaft 20. The rotor 2 is 
rotatably supported by two load-side ball bearings 22 
and 23 fitted around a road-side bracket 26 and by a 
non-load-side ball bearing 24 fitted around a non-load- 
side bracket 38. Anon-penetrating hole 20c is formed in 
the rotary shaft 20 so as to extend along the axis of the 
rotary shaft 20, from a load-side shaft end 20a to a non- 
load-side shaft end 20b. The non-penetrating hole 20c 
is formed such that an open side is greater in diameter 
than a closed side by only a predetermined size and 
such that a portion of a ball screw nut 4 to be described 
later can fit to the open end. The larger-diameter portion 
of the open side of the non-penetrating hole 20c extends 
to the load-side ball bearing 22 in the axial direction. 
Since the ball screw nut 4 is to be fastened to the load- 
side shaft end 20a of the rotary shaft 20, a shoulder sec- 
tion 20e is formed for securing an inner ring 22b of the 
load-side ball bearing 22 and an inner ring 23b of the 
load-side ball bearing 23. Further, a male screw 20f with 
which an inner ring fastening nut 40 is to be screw-en- 
gaged is formed in substantially the center of the rotary 
shaft 20. The non-load-side shaft end 20b of the rotary 
shaft 20 fixes a sign board 7f of an absolute rotation sen- 
sor 7 to be described later. Hence, the non-load shaft 
end 20b protrudes from a hole 38b of the non-load-side 
bracket 38 to the outside. 

[0036] The stator 3 is constituted by means of winding 
a coil 36 around an iron core 35 and sealing the coil 36 
and the iron core 35 with resin 37. The stator 3 is fitted 
and fixed to a load-side bracket 28 and the non-load- 
side bracket 38 and is disposed opposite the permanent 
magnet 21 of the rotor 2 with a nominal radial distance. 
[0037] Reference numeral 4 designates a ball screw 
nut, and balls 4a of a ball circulation mechanism (not 
shown) are provided in an internal peripheral section of 
the ball screw nut 4. Further, a portion of the ball screw 
nut 4 is fitted into an internal peripheral section 20d of 
an open section of the rotary shaft 20. A flange section 
4b is brought into contact with the shoulder 20e of the 
rotary shaft 20 and is secured on the load-side shaft end 
20a of the rotary shaft 20 by means of a bolt 25 to be 
screw-engaged with the shoulder 20a of the rotary shaft 
20. 

[0038] Since the construction of the ball screw nut 4 
is publicly known, detailed description of the ball screw 
nut 4 is omitted. 

[0039] Reference numeral 5 designates a ball screw 
shaft. A helical thread groove 5a is formed in the outer 
periphery of the ball screw shaft 5 and over substantially 
the entire length of the ball screw shaft 5, so as to as- 
sume a predetermined lead and pitch at which the balls 
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4a of the ball screw nut 4 are to fit into the thread groove 
5a. The ball screw shaft 5 is supported by the ball screw 
nut 4 so as to be movable in the axial direction by way 
of the balls 4a of the ball screw nut 4, such that a load- 

5 side shaft end 5d of the ball screw shaft 5 protrudes from 
the load-side bracket 28 and such that a non-load-side 
shaft end 5c is housed in the deepest end of the non- 
penetrating hole 20c of the rotary shaft 20. A detent 
mechanism, which is shown in detail in Figs. 2 through 

10 4, prevents rotation of the ball screw shaft 5 when the 
ball screw shaft 5 is moved in the axial direction. 
[0040] The detent mechanism comprises a substan- 
tially V-shaped single detent groove 5b; two steel balls 
26 and 27; two ball bearings 29 and 30; springs 31 and 

15 32 for pressing the two ball bearings 29 and 30 at all 
times; and lock screws 33 and 34. The detent groove 
5b is formed in the vicinity of the load-side shaft end 5d 
of the ball screw shaft 5 in parallel with the axial direction 
of the ball screw shaft 5. The detent groove 5b has a 

20 depth substantially identical with the depth of the thread 
groove 5a or a depth slightly shallower than the depth 
of the screw thread 5a. As shown in Fig. 4, the two steel 
balls 26 and 27 rotate and come Into contact with the 
detent groove 5b at two points. Holes 28b and 28c are 

25 formed in the end of the 28a of the load-side bracket 28, 
and the two ball bearings 29 and 30 rotatably support 
the steel balls 26 and 27. The springs 31 and 32 press 
the two ball bearings 29 and 30 at all times. The lock 
screws 33 and 34 are screw-threaded into the respec- 

30 tive holes 28b and 28c formed in the end section 28a of 
the load-side bracket 28, thereby adjusting a rolling con- 
tact pressure between the detent groove 5b and the two 
steel balls 26 and 27, from a fastening position. As 
shown in Fig. 3, provided that a pitch of the thread 

35 groove 5a is taken as P, an interval between the steel 
balls 26 and 27 is taken as B. and the width of the thread 
groove 5a is taken as C, the detent mechanism as- 
sumes a relationship of C<1/2P and 1.5P<B<2P. More 
specifically, even when the ball screw shaft 5 is located 
at an arbitrary position, there is ensured a dimensional 
relationship, in which at least one of the steel balls 26 
and 27 is inevitably located in the detent groove 5b. 
[0041] In relation to the load-side ball bearings 22 and 
23 combined so as to support the rotary shaft 20, outer 

45 rings 22a and 23a are fixed in the direction of the rotary 
shaft, by means of a housing shoulder section 28d of 
the load-side bracket 28, and an outer ring fastening nut 
39 to be screw-engaged with a female thread 28g 
formed in an internal peripheral wall of the load-side 

so bracket 28. Inner rings 22b and 23b are fastened in the 
direction of the rotary shaft by a shoulder 20e of the ro- 
tary shaft 20 for securing the flange 4b of the ball screw 
nut 4 as well as by the inner ring fastening nut 40 to be 
screw-threaded with the male screw 20f of the rotary 

55 shaft 20. By means of setting a clamping torque of the 
inner ring fastening nut 40 to a predetermined value, an 
axial clearance between the load-side ball bearings 22 
and 23 is eliminated. Further, the inner diameter of the 



EP 1 182 765 A1 



5 



9 



EP 1 182 765 A1 



10 



inner ring 22b of the load-side ball bearing 22 and the 
inner diameter of the inner ring 23b of the load-side ball 
bearing 23 are set so as to become greater than the out- 
er diameter of the permanent magnet 21 of the rotor 2. 
[0042] Reference numeral 41 designates an oil seal, 
and the oil seal 41 is fixedly fitted to an oil seal housing 
28e of the load-side bracket 28. A rip section 41a is in 
contact with an outer peripheral section 4c of the flange 
section 4b of the ball screw hut 4. 
[0043] The cylinder servo motor is constituted of the 
foregoing constituent components. 
[0044] Reference numeral 7 designates an absolute 
rotation sensor, and the absolute rotation sensor 7 is 
disposed outside the non-load side bracket 38. The ab- 
solute rotation sensor 7 comprises a light-emitting sec- 
tion 7c fastened to a non-external-side end face 38a of 
the non-load-side bracket 38; a sign plate 7f having a 
predetermined pattern and a rotation section 7b having 
a boss 7g; a detection section 7a; a light-emitting section 
7c of the absolute rotation sensor 7 fastened to the non- 
load bracket 38 by means of a screw; and a rotation sen- 
sor cover 42 for hermetically sealing the rotation section 
7b and the detection section 7a along with the non-load- 
side bracket 38. The sign plate 7f is fastened to the boss 
7g. The boss 7g is fixedly fitted to the non-load-side 
shaft end 20b of the rotary shaft 20 projecting from the 
hole 38b of the non-load bracket 38. Thus, the boss 7g 
is rotatably fastened to the non-load-side shaft end 20b 
of the rotary shaft 20. The detection section 7a is con- 
stituted of a light-receiving section 7e which is mounted 
on a printed board 7d and opposes the light-emitting 
section 7c by way of the sign plate 7f, and rotation sen- 
sor control means. 

[0045] Reference numeral 6 designates a control de- 
vice section which controls the position of the servo mo- 
tor 1 and which is housed and held in a chassis 43 se- 
cured on the non-external end face 38a of the non-load- 
side bracket 38. The control device section 6 is consti- 
tuted of an inverter circuit 6a, a control circuit 6b elec- 
trically connected to the Inverter circuit 6a, and a power 
supply circuit 6c (used as a power source for the inverter 
circuit 6a, the control circuit 6b, and the rotation sensor 
7). The inverter circuit 6a is electrically connected to the 
coil 36 of the stator 3 by means of a lead wire 44, by 
way of a lead wire hole 38c of the non-load-side bracket 
38. The control circuit 6b is electrically connected to the 
rotation sensor control section 9 of the rotation sensor 
7 by means of a connection cable 46a and is electrically 
connected to the Inverter circuit 6a. Further, the control 
circuit 6b is electrically connected to an external instruc- 
tion device 1 9 by means of a connection cable 45. 
[0046] An electric circuit of the control device section 
6 and the operation of the control device section 6 are 
identical with those of a known control device for a servo 
motor. Hence, their detailed explanations are omitted 
here. 

[0047] The cylinder servo motor according to the first 
embodiment is constructed in the manner as mentioned 



above and operates in the following manner during op- 
eration. 

[0048] The instruction device 1 9 imparts to the control 
device section 6 an instruction signal for actuating the 

* ball screw shaft 5 to a certain point. Upon receipt of the 
signal, the inverter circuit 6a converts input a.c. power 
into three-phase a.c. power consisting of, i.e., a desired 
frequency, a desired voltage, and a desired current. The 
thus-converted three-phase a.c. power is fed to the coil 

10 36 of the stator 3 by way of the lead wire 44, thus pro- 
ducing a rotating field. As a result, the servo motor 1 is 
actuated, jn association with rotation of the rotor 2, the 
ball screw nut 4 fastened to the load-side shaft end 20a 
. rotates, thereby imparting thrust to the ball screw shaft 

is 5 by way of the balls 4a. Because of static friction, the 
ball screw shaft 5 attempts to rotate in conjunction with 
the ball screw nut 4. However, the steel balls 26 and 27 
are pressed to the detent groove 5b by means of the 
springs 31 and 32. The relationship between an interval 

20 b between the steel balls 26 and 27 and the dimension 
of the thread groove 5a is similar to that shown in Fig. 
3, as mentioned previously. At least one of the steel balls 
26 and 27 remains in the detent groove 5b wherever the 
. ball screw shaft 5 is situated. Hence, the ball screw shaft 

25 5 rotates directly without involving rotation of the ball 
screw nut 4. 

[0049] When the servo motor 1 is actuated, the boss 
7g and the sign plate 7f, which are fixedly fitted to the 
non-load-side shaft end 20b, also rotate. By means of 

30 an optical signal output from the light-emitting section 
7c, the light-receiving section 7e reads a pattern of the 
sign plate 7f. The result of reading is converted into a 
photocurrent The photocurrent is converted into a pho- 
to-voltage by means of an analog circuit (not shown) 

35 provided on a printed board 7d, and the photo-voltage 
is converted into rotational position data by means of a 
digital circuit (not shown) provided on the printed board 
7d. 

[0050] The thus-detected rotational position data are 

*o output to the control device 6. The control device 6 com- 
pares the rotational position data with the instruction sig- 
. nal, thus determining whether or not the ball screw shaft 
5 has arrived at a desired rotational position. Power is 
fed to the coil 36 in order to actuate the ball screw shaft 

45 5, such that a difference becomes zero. More specifical- 
ly, a general servo control operation is performed. 
[0051] When a difference between the rotational po- 
sition data and the instruction signal has become zero, 
a power supply to the coil 36 is disconnected, thereby 

so actuating the ball screw shaft 5 to the instructed position. 
[0052] As has been described, in the first embodi- 
ment, a necessity of wiring a line between the servo mo- 
tor 1 , the rotation sensor 7, and the control device sec- 
tion 6 at a location to which the cylinder servo motor is 

55 to be shipped is obviated, thereby improving workability. 
As a result, a wiring failure, which otherwise is apt to 
arise at a location to which a cylinder servo motor is 
shipped, is prevented. Further, the wiring operation is 
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obviated, thereby improving workability. Further, there 
is obviated a necessity of discussing a location where a 
controller is to be disposed, thereby improving the free- 
dom of mechanical design. 

[0053] Since the cylinder servo motor does not use 5 
any coupling for coupling the rotary shaft 20 with the ball 
screw shaft 5, which would have hitherto been em- 
ployed, the cylinder servo motor becomes compact de- 
spite having a large stroke. Hence, the cylinder servo 
motor is wholly made compact, and the number of com- 10 
ponents is reduced. 

[0054] The electric circuit of the rotation sensor 7 is 
doubly covered with the rotation sensor cover 42 and 
the chassis 43. Further, a hole is formed in the rotary 
shaft 20, and the hole is the non-penetrating hole 20c. 15 
Thus, good airtightness is ensured, and reliability of the 
cylinder servo motor against an external environment is 
improved. 

[0055] As schematically shown in Fig. 5, the previous- 
ly-described components can be assembled from one 20 
direction, thereby improving the ease of assembly of a 
cylinder servo motor. 

[0056] More specifically, in relation to the load-side 
bracket 28 having a detent mechanism and the oil seal 
41 incorporated therein beforehand, there can be se- 25 
quentlally assembled the rotor 2 having the ball screw 
nut 4 and the ball screw shaft 5 incorporated therein be- 
forehand, the load-side ball bearings 22 and 23. the non- 
load-side ball bearing 24, the inner ring fastening nut 
40, the outer ring fastening nut 39, the stator 3, the non- 30 
load-side bracket 38, the absolute rotation sensor 7, and 
the control device section 6. 

[0057] A rip section 41 a of the oil seal 41 is in contact 
with the outer peripheral surface 4c of the fastening 
flange 4b of the ball screw nut 4. Hence, the dimension 35 
of the oil seal section can be shortened in the axial di- 
rection, thereby rendering the cylinderservo motor more 
compact. 

[0058] Since the detent mechanism makes rolling 
contact, abrasion of a contact surface is diminished, *o 
thereby prolonging the life span of the detection mech- 
anism and reducing friction loss (by extension, input 
power is diminished, and energy saving is attained). 

(Second Embodiment) 45 

[0059] A second embodiment of the present invention 
will be described by reference to Figs. 6 and 7. Fig. 6 is 
a fragmentary longitudinal cross-sectional view of a cyl- 
inder servo motor, and Fig. 7 is a diagram showing the so 
geometry of a printed board used in a rotation sensor. 
[0060] As shown in Fig. 6, a non-load-slde shaft end 
47b of a rotary shaft 47 (corresponding to the rotary 
shaft 20 described in connection with the first embodi- 
ment) penetrates through an absolute rotation sensor ss 
49 (corresponding to the absolute rotation sensor 7 de- 
scribed in connection with the first embodiment) and ex- 
tends to the neighborhood of an end section 6d of the 



control device section 6. In association with elongation 
of the rotary shaft 47 } a non-load-side shat end 50c of 
the ball screw shaft 50 (corresponding to the ball screw 
shaft 5 described in connection with the first embodi- 
ment) is extended to the neighborhood of the non-load- 
slde shaft end 47b of the rotary shaft 47. As shown in 
Fig. 7, a printed board 49d of the rotation sensor 49 is 
formed to assume a C-shaped geometry, and a hole is 
formed in a rotation sensor cover 52 (corresponding to 
the rotation sensor cover 42 described in connection 
with the first embodiment) so that the rotary shaft 47 can 
penetrate through the hole. 

[0061 ] As shown in Fig. 6, reference numeral 47a des- 
ignates a load-side shaft end; 47c designates a non- 
penetrating hole of the rotary shaft 47; 47d designates 
an internal peripheral section of the rotary shaft 47; 47e 
designates a shoulder section of the rotary shaft 47; 47f 
designates a boss mount section on the rotary shaft 47; 
47g designates a male screw section of the rotary shaft 
47; 48 designates a non-load-side bearing; 49a desig- 
nates a detection section of the absolute rotation sensor 
49: 49b designates a rotation section of the absolute ro- 
tation sensor 49; 49c designates a light-emitting section 
of the absolute rotation sensor 49; 49e designates a 
light-emitting section of the absolute rotation sensor: 49f 
designates a sign board of the absolute rotation sensor 
49: and 49g designates a boss of the absolute rotation 
sensor 49; 49f designates a sign plate of the absolute 
rotation sensor 49; 49g designates a boss of the abso- 
lute rotation sensor 49; 50a designates a screw thread 
of the ball screw shaft 50; 50b designates a detent 
groove of the ball screw shaft 50; 50c designates a non- 
load-side shaft end of the ball screw shaft 50; 50d des- 
ignates a load-side shaft end of the ball screw shaft 50; 
and 51 designates a rotor corresponding to the rotor 2 
described in connection with the first embodiment. 
Since the cylinder servo motor according to this embod- 
iment is substantially identical in construction with that 
described in connection with the first embodiment, re- 
peated explanation thereof is omitted. 
[0062] The cylinder servo motor according to the sec- 
ond embodiment is identical in operation with that de- 
scribed in connection with the first embodiment. By 
means of imparting a position instruction to the servo 
motor, the ball screw shaft 50 corresponding to the ball 
screw shaft 5 is actuated to a predetermined position. 
[0063] As has been described, in addition to yielding 
the same advantage as that yielded in the first embod- 
iment, the second embodiment also yields an advan- 
tage of the ability to realize a stroke of longer linear 
movement even when there is employed a cylinder ser- 
vo motor of the same dimension . 

(Third Embodiment) 

[0064] A third embodiment of the present invention 
will be described through use of Fig. 8 (i.e., a fragmen- 
tary longitudinal cross-sectional view showing a cylinder 
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servo motor). 

[0065] As shown in Fig. 8, a non-load-side shaft end 
53b of a rotary shaft 53 (corresponding to the rotary 
shaft 47 according to the second embodiment) pene- 
trates through the rotation sensor 49 and is extended to 
the neighborhood of the end section 6d of the control 
device section 6. A through hole 53c is formed in the 
rotary shaft 53 so as to extend from a load-side shaft 
end 53a to the non-load-side shaft end 53b in the direc- 
tion of the rotary shaft 53. 

[0066] . In association with elongation of the rotary 
shaft 53, the non-load-side shaft end 50c of the ball 
screw shaft 50 is extended to the neighborhood of the 
non-load-side shaft end 53b of the rotary shaft 53. In 
order to elongate the rotary shaft 53 in the manner as 
mentioned above, a printed board 49d of the rotation 
sensor 49 is produced into a C-shaped form, as shown 
in Fig. 7. Further, a hole through which the rotary shaft 
53 can penetrate is formed in the rotation sensor cover 
52. 

[0067] A female thread 53g is formed inside the non- 
load-side shaft end 53b of the through hole 53c. A 
through hole cover 54 having a male screw formed ther- 
eon is removably screw-engaged with the female thread 
53g, thereby closing the non-load-side shaft end 53b of 
the through hole 53c. 

[0068] A through hole 43a opposing the through hole 
cover 54 is formed in the end 6d of the chassis 43, and 
a removable sealing cover 43b Is attached to the 
through hole 43a. 

[0069] A female thread 50d is axially provided on the 
non-load-shaft end 50c of the ball screw shaft 50. 
[0070] The through hole cover 54 is provided for pre- 
venting the entry of oil or an oil mist from the through 
hole 53c of the non-load-side shaft end 53b of the rotary 
shaft 53. Further, the sealing cover 43b is provided for 
preventing the entry of dust into the through hole 43a of 
the chassis 43, which would otherwise cause deteriora- 
tion of the rotation section 49b of the rotation sensor 49 
in an external environment. Thus, good reliability of the 
cylinder servo motor against the external environment; 
i.e., the same as described in connection with the first 
and second embodiments, can be maintained. As 
shown in Fig. 8, reference numeral 53a designates a 
load-side shaft end of the rotary shaft 53; 53c desig- 
nates a non-penetrating hole of the rotary shaft 53; 53d 
designates an internal peripheral section of the rotary 
shaft 53: 53e designates a shoulder section of the rotary 
shaft 53; 53f designates a boss mount section of the ro- 
tary shaft 53; 53g designates a female thread section of 
the rotary shaft 53; and 55 designates a rotor corre- 
sponding to the rotor 51 described in connection with 
the second embodiment. 

[0071] The cylinder servo motor according to the 
present embodiment is substantially identical in config- 
uration with that described in connection with the sec- 
ond embodiment, and hence repeated explanation 
thereof is omitted. 
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[0072] In the cylinder servo motor according to the 
present embodiment, the sealing cover 43b is removed 
from the chassis 43 while the cylinder servo motor is 
mounted on a machine (not shown). Subsequently, the 

5 through hole cover 54 is removed, and an adjustment 
jig (not shown) on which is formed a male screw to be 
screw-engaged with the female thread 50d formed on 
the non-load-side shaft end 50c of the ball screw shaft 
50 is attached to the ball screw shaft 50. The adjustment 

10 jig is manually pushed and pulled, thereby manually en- 
abling direction actuation of the bail screw shaft 50. 
[0073] During normal operation of the cylinder servo 
motor according to the present embodiment, the cylin- 
der servo motor operates In the same manner as in the 

15 second embodiment. By means of imparting a position 
instruction to the cylinder servo motor, the ball screw 
shaft 50 is actuated to a predetermined position. 
[0074] It goes without saying that the third embodi- 
ment can be applied also to the first embodiment. 

20 [0075] In addition to yielding the same advantages as 
those yielded in the first and second embodiments, the 
third embodiment yields an advantage of the ability to 
enable manual positioning of the ball screw shaft 50 
while the cylinder servo motor is mounted on a machine, 

25 thereby improving the workability and operabiiity of the 
cylinder servo motor. 

(Fourth Embodiment) 

30 [0076] A fourth embodiment of the present invention 
will now be described by reference to Fig. 9 (i.e., a frag- 
mentary longitudinal cross-sectional view of the cylinder 
servomotor) . 

[0077] As shown in Fig. 9, the oil seal 41 is fixedly 
35 fitted to an oil seal housing 28f of the load-side bracket 
28 and is smaller in diameter than the outer peripheral 
section 4c of the flange section 4b of the ball screw nut 
4. A lip section 41 a of the oil seal 41 remains in contact 
with an external outer peripheral 4d of the ball screw nut 
40 4. 

[0078] Since the cylinder servo motor according to the 
present embodiment is substantially identical in config- 
uration with that described in connection with the first 
embodiment, repeated explanation thereof is omitted. 
45 By means of imparting a position instruction to the cyl- 
inder servo motor, the ball screw shaft 5 is actuated to 
a predetermined position. 

[0079] Needless to say, the fourth embodiment can 
be applied also to the second and third embodiments. 

so [0080] The lip section 41 a of the oil seal 41 is held in 
contact with the external outer peripheral surface 4d of 
the ball screw nut 4. Hence, the sliding diameter of a 
contact portion of the lip section 41a of the oil seal 41 
becomes smaller, and the peripheral speed of the con- 

55 tact portion also becomes smaller. As a result, in addi- 
tion to yielding the same advantage as that yielded in 
the first embodiment/the fourth embodiment yields an 
advantage of the ability to improve the abrasion resist- 
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ance of the oil seal 41 and to prolong the life span of the 
cylinder servo motor. 

(Fifth Embodiment) 

[0081 ] A fifth embodiment of the present invention will 
be described by reference to Figs. 10 through 13. Fig. 
10 is a fragmentary longitudinal cross-sectional view 
showing a cylinder servo motor. Fig. 11 is an operation 
descriptive view of the detent mechanism of the cylinder 
servo motor. Fig. 12 is a view from direction B shown in 
Fig. 11 . Fig. 13 is a perspective view showing that the 
detent mechanism of the cylinder servo motor according 
to the fifth embodiment is in a contact state. 
[0082] As shown in Fig. 10 : rotation of the ball screw 
shaft 5— the shaft being supported by the ball screw nut 
4 by way of the balls 4a so as to be movable in the axial 
direction thereof — which would otherwise be caused 
when the ball screw shaft 5 is moved in the axial direc- 
tion thereof, is prevented by a detent mechanism shown 
in detail in Figs. 11 through 13. 

[0083] The detent mechanism comprises a substan- 
tially V-shaped single detent groove 5b; one cylindrical 
roller 60; one roller bearing 59; a spring 58 for pressing 
the cylindrical roller 60 at all times; and a lock screw 57. 
The V-shaped single detent groove 5b is formed in the 
neighborhood of the load-side shaft end 5d of the ball 
screw shaft 5 and in parallel with the axial direction of 
the ball screw shaft 5. The detent groove 5b has a depth 
substantially identical with the depth of the thread 
groove 5a or a depth slightly shallower than the depth 
of the screw thread 5a. As shown in Fig. 23. the cylin- 
drical roller 60 comes into contact with the detent groove 
5b at two contact points 61 and 62. The roller bearing 
59 is provided in a hole 56b formed in an end section 
56a of the load-side bracket 56 (corresponding to the 
load-side bracket 28 described in connection with the 
first embodiment) . The roller bearing 59 rotatably sup- 
ports the cylindrical roller 60. The lock screw 57 is 
screw-engaged with the hole 56b f ormed in the end sec- 
tion 56a of the load-side bracket 56 and adjusts a rolling 
contact pressure arisingbetween the detent groove 5b 
and the cylindrical roller 60 from a fastening position. As 
shown in Fig. 11, provided that a pitch of the thread 
groove 5a is taken as P, the width of the thread groove 
5a is taken as C, and the length of the cylindrical roller 
is taken as L, the detent mechanism assumes a rela- 
tionship 2C<L<P. More specifically even when the ball 
screw shaft 5 is located at an arbitrary position, there is 
ensured a dimensional relationship such that a portion 
of the cylindrical roller 50 is located in the detent groove 
5b at all times. 

[0084] As shown in Fig. 10, the housing shoulder 56d, 
the oil seal housing 56e, and the female thread 56g cor- 
respond to the housing shoulder 28d, the oil seal hous- 
ing 28e, and the female thread 56g described in con- 
nection with the first embodiment. 
[0085] In other respects, the cylinder servo motor ac- 
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cording to the present embodiment is substantially iden- 
tical in configuration with that described in connection 
with the first embodiment, and hence repeated explana- 
tion thereof is omitted. 
5 [0086] Next will be described the operation of the cyl- 
inder servo motor. By means of imparting a position in- 
struction to the cylinder servo motor, the rotor 2 and the 
ball screw nut 4 are moved in the same manner as in 
the first embodiment. As a result of the rotor 2 and the 

io ball screw nut 4 rotating, thrust is imparted to the ball 
screw shaft 5 by way of the balls 4a. By means of static 
friction, the ball screw shaft 5 attempts to rotate along- 
with the ball screwnut 4. However, the cylindrical roller 
60 is pressed against the detent groove 5b by means of 

is the spring 58, and the relationship between the length 
L of the cylindrical roller 60, the dimension C of the 
thread groove 5a, and the pitch P of the thread groove 
5a is set to 2C<L<P. Hence, the contact sections 61 and 
62 of the cylindrical roller 60 inevitably remain in contact 

20 with the detent groove 5b. Hence, the ball screw shaft 
5 is actuated to a predetermined position without involv- 
ing rotation of the bail screw nut 4. 
[0087] Needless to say, the detent mechanism de- 
scribed in the fifth embodiment can be replaced with any 

& of those described in connection with the second 
through fourth embodiments. 

[0088] As has been described, in addition to yielding 
the same advantage as that yielded in the first embod- 
iment (excluding the effect of the detent mechanism), 

30 the fifth embodiment yields an advantage of the ability 
to reduce the overall length of the cylinder servo motor, 
because only one detection mechanism provided in the 
axial direction of the rotary shaft acts as a whirl stop. 
[0089] In thefirst through fourth embodiments, the de- 

35 tent mechanism is disposed in parallel with and in line 
with the axial direction. If at least one ball to be brought 
into contact with a detent groove is located in a section 
where the ball does not cross the detent groove, the 
number of detent grooves to be formed in the ball screw 

^0 shaft 5 may be Increased such that two detent grooves 
are provided so as to oppose each other or such that a 
plurality of detent grooves are provided radially. 
[0090] The first through fifth embodiments have de- 
scribed the built-in control device section 6. However, if 

4 5 a cylinder servo motor main unit and an absolute rota- 
tion sensor are integrated together, if the control device 
section 6 is identified by an ID code, and if the cylinder 
servo motor is always used in one-to-one correspond- 
ence with the control device section 6, the control device 

so section 6 may be separated rather than being incorpo- 
rated. Even in the case of a cylinder servo motor of such 
a type, in the present specification a cylinder servo mo- 
tor main unit, a sensor, and a control device section are 
referred to as being integrated. 

55 [0091] As has been described, the present invention 
provides a cylinder servo motor comprising: 

a servo motor having a rotor and a stator; 
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a cylinder servo motor main unit which is connected 
to a rotary shaft of the rotor of the servo motor by 
way of a ball screw nut and which has a ball screw 
shaft, the ball screw shaft moving in an axial direc- 
tion; 5 
a rotation sensor for detecting a rotary position of 
the servo motor; and 

control means for controlling the rotation sensor 
and the servo motor, wherein 

the cylinder servo motor main unit, the rotation sen- 10 
sor, and the control means are mechanically Inte- 
grated; 

the rotor of the servo motor is constituted of the ro- 
tary shaft and a permanent magnet, the rotary shaft 
being rotatably supported by a load-side bearing is 
supported by a load-side bracket and by a non-load- 
side bearing supported by a non-load-side bracket, 
at least the load-side end of the rotary shaft being 
released, a through hole being formed in the rotary 
shaft so as to extend in an axial direction, and the 20 
permanent magnet being disposed opposite the 
stator fixed to the rotary shaft with a predetermined 
clearance therebetween; 

the ball screw nut is constituted of a ball circulation 
mechanism and is mounted on a load-side shaft 25 
end of the rotary shaft; 

the ball screw shaft is screw-engaged with the bail 
screw nut so as to become movable in only the axial 
direction such that a non-load-side shaft end of the 
ball screw shaft is housed in the through hole of the 30 
rotary shaft and such that a load-side end of the ball 
screw shaft protrudes from the load-side bracket; 
a rotation portion of the rotation sensor is coupled 
to a non-load-side portion of the rotary shaft pro- 
truding from the hole formed in the non-load-side 35 
bracket and is covered with a rotation sensor cover; 
the control means Is disposed on a part of the non- 
load-side bracket distant from the stator; and 
the control means and the rotation sensor cover are 
covered with a chassis to be fastened to the non- *o 
load-side bracket. 

A necessity of wiring a line between the servomotor, the 
rotation sensor, and the control device section at a lo- 
cation to which the cylinder servo motor is to be shipped *5 
is obviated, thereby improving workability. As a result, 
a wiring failure, which otherwise is apt to arise at a lo- 
cation to which a cylinder servo motor is shipped, is pre- 
vented. Further, the wiring operation is obviated, there- 
by improving workability. so 
[0092] Since there is obviated use of any coupling for 
coupling a rotary shaft with a bail screw shaft, which 
would have hitherto been employed, the cylinder servo 
motor becomes compact despite having a long stroke. 
Hence, the cylinder servo motor is made compact over- ss 
all and the number of components is reduced. 
[0093] The rotation portion of the rotation sensor is 
doubly covered with the rotation sensor cover and the 



65 A1 18 

chassis. Accordingly, reliability of the cylinder servo mo- 
tor against an external environment is improved. 
[0094] According to the present invention, the non- 
load-side end of the rotary shaft and the through hole 
are elongated to a position where the control means of 
the servo motor is disposed. Further, in association with 
elongation of the non-load-side end and elongation of 
the through hole, the non-load-side shaft end of the ball 
screw shaft is elongated. Hence, in addition to the ad- 
vantages set forth, the present invention yields an ad- 
vantage of the ability to realize a stroke of longer linear 
movement even when a cylinder servo motor of the 
same dimension is employed. 

[0095] Further, according to the present invention, a 
non- load-side of the through hole of the rotary shaft is 
opened, and a cover for covering the open side is re- 
movably provided. Further, a through hole Is formed in 
a portion of the chassis opposing the cover with refer- 
ence to an axial direction of the rotary shaft. Moreover, 
the through hole formed In the chassis is removably pro- 
vided with a cover. Accordingly, in addition to the advan- 
tages set forth, the present invention yields an advan- 
tage of the ability to enable manual positioning of the 
ball screw shaft while the cylinder servo motor is mount- 
ed on a machine, thereby improving workability and op- 
erability. 

[0096] According to the present invention, the load- 
side shaft bearing is constituted of a ball bearing. An 
outer ring of the ball bearing is fixedly sandwiched be- 
tween a shoulder section formed on an internal periph- 
eral wall of the load-side bracket and an outer ring fas- 
tening nut to be screw-engaged with an internal periph- 
eral wall of the load-side bracket. An inner ring of the 
ball bearing is fixedly sandwiched between a bail screw 
nut fastening shoulder section formed on the load-side 
shaft end of the rotary shaft of the servo motor and an 
Inner ring fastening nut to be screw-engaged with the 
rotary shaft of the servo motor. An inner diameter of the 
inner ring of the ball bearing is made greater than an 
outer diameter of the rotor of the servo motor. As a re- 
sult, in addition to the advantages set forth, the present 
invention yields an advantage of the ability to assemble 
a cylinder servo motor from one direction, thereby im- 
proving workability. 

[0097] According to the present invention, the ball 
screw nut fastening shoulder is formed on the load-side 
shaft end of the rotary shaft, and a fastening flange sec- 
tion is formed on the ball screw nut. A portion of the ball 
screw nut is fitted into the through hole formed in the 
load-side shaft end of the rotary shaft. The fastening 
flange section is brought into contact with and screw- 
engagedwith the ball screw nut fastening shoulder sec- 
tion. Thereby, the ball screw nut is fastened to the load- 
side shaft end of the rotary shaft, and an oil seat is held 
on the load-side bracket. A lip section of the oil seal is 
brought into contact with an outer peripheral surface of 
the ball screw nut fastening flange. As a result, in addi- 
tion to the advantages set forth, the present invention 
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yields an advantage of the ability to shorten the oil seal 
section in an axial direction thereof, thereby rendering 
the cylinder servo motor more compact. 
[0098] According to the present invention, a ball 
screw nut fastening shoulder is formed on a load-side 5 
shaft end of the rotary shaft, and a fastening flange sec- 
tion is formed at a position closer to the center of the 
ball screw nut. A portion of the ball screw nut is fitted 
into a through hole section formed in the load-side shaft 
end of the rotary shaft, and the fastening flange section 10 
is brought into contact with and screw-engaged with the 
ball screw nut fastening shoulder section. As a result, 
the ball screw nut is fastened to the load-side shaft end 
of the rotary shaft, and an oil seal is held on the toad- 
side bracket. A lip section of the oil seal is brought into 
contact with an outer peripheral surface at the shaft end 
of the ball screw nut. Hence, in addition to the advan- 
tages set forth, the present invention yields an advan- 
tage of the ability to improve abrasion resistance of the 
oil seal and elongate the life span of the cylinder servo 20 
motor, because a sliding diameter of the lip section of 
the oil seal becomes smaller and a circumferential 
speed of a contact section becomes low. 
[0099] According to the present invention, a detent 
groove is formed in an outer peripheral section of the 25 
ball screw shaft, wherein the detent groove has substan- 
tially the same depth as that of a thread groove or a 
depth shallower than that of the thread groove and ex- 
tends in an axial direction. Further, the ball screw shaft 
has at least two balls to be inserted into the detent 30 
groove, and a spring for pressing the balls toward the 
detent groove at all times. The bails are disposed such 
that at least one of the balls is situated in the detent 
groove at all times. Hence, in addition to the advantages 
set forth, the present invention yields an advantage of 35 
diminishing abrasion of the contact surface, prolonging 
the life span of a whirl stop, and diminishing friction loss 
of the whirl stop (by extension, input power is dimin- 
ished, thereby realizing energy savings), because the 
whirl stop makes rolling contact. 40 
[0100] According to the present invention, a detent 
groove is formed in an outer peripheral section of the 
ball screw shaft, wherein the detent groove has substan- 
tia lly the same depth as that of a thread groove or a 
depth shallower than that of the thread groove and ex- 45 
tends in an axial direction. Further, the ball screw shaft 
has at least one cylindrical ball which is to be inserted 
into the detent groove and is longer than a screw pitch 
of the ball screw shaft, and a spring for pressing the cy- 
lindrical ball toward the detent groove at all times, so 
Hence, in addition to the advantages set forth, the 
present invention yields an advantage of shortening the 
overall length of a cylinder servo motor, because one 
detent unit provided in the direction of the rotary shaft 
acts as a whirl stop. 55 
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Industrial Applicability 

[0101] As has been described, a cylinder servo motor 
according to the present invention is suitable for use with 
a measuring instrument, a spot welding machine, an NC 
machine, and a plant. 



Claims 

1 . A cylinder servo motor comprising: 

a servo motor having a rotor and a stator; 
a cylinder servo motor main unit which is con- 
nected to a rotary shaft of the rotor of the servo 
motor by way of a ball screw nut and which has 
a ball screw shaft, the ball screw shaft moving 
in an axial direction; 

a rotation sensor for detecting a rotary position 
of the servo motor; and 
control means for controlling the rotation sen- 
sor and the servo motor, wherein 
the cylinder servo motor main unit, the rotation 
sensor, and the control means are mechanical- 
ly integrated; 

the rotor of the servo motor is constituted of the 
rotary shaft and a permanent magnet, the rota- 
ry shaft being rotatably supported by a load- 
side bearing supported by a load-side bracket 
and by a non-load-side bearing supported by a 
non-load-side bracket, at ieast the load-side 
end of the rotary shaft being released, a 
through hole being formed in the rotary shaft so 
as to extend in an axial direction, and the per- 
manent magnet being disposed opposite the 
stator fixed to the rotary shaft with a predeter- 
mined clearance therebetween; 
the ball screw nut is constituted of a ball circu- 
lation mechanism and is mounted on a load- 
side shaft end of the rotary shaft; 
the ball screw shaft is screw-engaged with the 
ball screw nut so as to become movable in only 
the axial direction such that a non-load-side 
shaft end of the ball screw shaft is housed in 
the through hole of the rotary shaft and such 
that a load-side end of the ball screw shaft pro- 
trudes from the load-side bracket; 
a rotation portion of the rotation sensor is cou- 
pled to a non-load-side portion of the rotary 
shaft protruding from the hole formed in the 
non-load-side bracket and is covered with a ro- 
tation sensor cover; 

the control means is disposed on a part of the 
non-ioad-side bracket distant from the stator; 
and 

the control means and the rotation sensor cover 
are covered with a chassis to be fastened to the 
non-load-side bracket. . 
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2. The cylinder servo motor according to claim 1, 
wherein the non-load-side end of the rotary shaft 
and the through hole are elongated to a position 
where the control means of the servo motor is dis- 
posed, and. in association with elongation of the 
non-load-side end and elongation of the through 
hole, the non-load-side shaft end of the ball screw 
shaft is elongated. 

3. The cylinder servo motor according to claim 2, 
wherein a non-load-side of the through hole of the 
rotary shaft is opened; a coverfor covering the open 
side is removably provided; a through hole is 
formed in a portion of the chassis opposing the cov- 
er with reference to an axial direction of the rotary 
shaft; and the through hole formed in the chassis is 
removably provided with a cover. 

4. The cylinder servo motor according to any one of 
claims 1 through 3, wherein the load-side shaft 
bearing is constituted of a ball bearing; an outer ring 
of the ball bearing is fixedly sandwiched between a 
shoulder section formed on an internal peripheral 
wall of the load-side bracket and an outer ring fas- 
tening nut to be screw-engaged with an internal pe- 
ripheral wall of the load-side bracket; an inner ring 
of the ball bearing is fixedly sandwiched between a 
bail screw nut fastening shoulder section formed on 
the load-side shaft end of the rotary shaft of the ser- 
vo motor and an inner ring fastening nut to be 
screw-engaged with the rotary shaft of the servo 
motor; and an inner diameter of the inner ring of the 
ball bearing is made greater than an outer diameter 
of the rotor of the servo motor. 

5. The cylinder servo motor according to any one of 
claims 1 through 4, wherein the ball screw nut fas- 
tening shoulder is formed on the load-side shaft end 
of the rotary shaft, and a fastening flange section is 
formed on the ball screw nut; a portion of the ball 
screw nut is fitted into the through hole formed in 
the load-side shaft end of the rotary shaft; the fas- 
tening flange section is brought into contact with 
and screw-engaged with the ball screw nut fasten- 
ing shoulder section, to thereby fasten the ball 
screw nut to the load-side shaft end of the rotary 
shaft, and to thereby hold an oil seal on the load- 
side bracket; and a lip section of the oil seal is 
brought into contact with an outer peripheral sur- 
face of the ball screw nut fastening flange. 

6. The cylinder servo motor according to any one of 
claims 1 through 4, wherein a ball screw nut fasten- 
ing shoulder is formed on a load-side shaft end of 
the rotary shaft; a fastening flange section is formed 
at a position closer to the center of the ball screw 
nut; a portion of the ball screw nut is fitted into a 
through hole section formed in the load-side shaft 
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end of the rotary shaft; and the fastening flange sec- 
tion is brought into contact with and screw-engaged 
with the bail screw nut fastening shoulder section. 

7. The cylinder servo motor according to any one of 
claims 1 through 6, wherein a detent groove is 
formed in an outer peripheral section of the ball 
screw shaft, such that the detent groove has sub- 
stantially the same depth as that of a thread groove 
or a depth shallower than that of the thread groove 
and extends in an axial direction; the ball screw 
shaft has at least two balls to be inserted into the 
detent groove, and a spring for pressing the bails 
toward the detent groove at all times; and the balls 
are disposed such that at least one of the balls is 
situated in the detent groove at all times. 

8. The cylinder servo motor according to any one of 
claims 1 through 6, wherein a detent groove is 
formed in an outer peripheral section of the ball 
screw shaft, such that the detent groove has sub- 
stantially the same depth as that of a thread groove 
or a depth shallower than that of the thread groove 
and extends in an axial direction; the ball screw 
shaft has at least one cylindrical ball which is to be 
inserted into the detent groove and is larger than a 
screw pitch of the ball screw shaft, and a spring for 
pressing the cylindrical ball toward the detent 
groove at all times. 
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